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THE PATH OF CaRBON I N  PHOTOSNTHEEIS, XV. 

RIBULOSE AND SEDOHIWTULOSE 

A. A. Benson, J. A. Bassha ,  M. Calvin, A. G. H s l l ,  H. Hirsch, 

S. Kawaguchi, V. Lynch and N. E. Tolbert 

Radiation Laboratory and Department of Chemistry 

University of Cal i fornia  

Berkeley, calif orniaY 

The interinediates of carbon dioxide reduction by plants include 

phosphorylated der iva t ives  of  hydroxy acids  and sugars. Their ident i f ica-  

t i o n  becane possible when the use of labeled carbon dioxide permitted dis-  

crimination between the  e a r l i e s t  products and the  many other components of 

pho tosy~ the t i c  t i s sues ,  A number of compounds were iden t i f i ed  by v i r t u e  

of t he  chemical and physical. proper t ies  of the  radioactive compounds i n  

t r ace r  amounts and by d i r e c t  comparison of these propert ies with those of 

suspected know metabolic intermediates. 

It became apparent t h a t  several  labeled compounds found i n  shor t  

exposures t o  radioact ive  carbon dioxide were not substances previously 

iden t i f i ed  as metabolic intermediates. Two phosphate e s t e r s  i n  par t i cu la r  

were observed i n  the  products of the first few seconds of steady-state 

2hotosynthesi.s by a l l  t h e  photosgnthetic microorganisms and higher plants  

(% ) The work described i n  t h i s  paper was sponsored by the U.E. Atomic 
Energy C onrmission, 



examined i n  t h i s  l a b o r a t ~ r y ~  Thsse es ;e r s  have been I so la te5  'ky paper chroma- 

togreply i n  t racer  quan t i t i e s  =d e m p a t i c a l l y  bjdrolyzed t o  give two sugars, 

r ibu lose  and sedoheptulose. T E s  pager contains a descr ipt ion of the chemical 

i den t i f i c a t i on  of these sugars and sQme o b s e r v a t i ~ n s  and suggestions regard- 

ing the  function of t h ~ i z r  e s t e r s ,  

The general importance of these compounds i n  photosynthesis was surmised 

before t h e i r  iden t i f i ca t ion .  The products of photosynthesis with cL402 by 

each p lan t  included phosphate e s t e r s  of the  same two then unknown compounds 

i n  addi t ion t o  those of the  expected glucose, f ructose ,  dihydroxyacetone and 

glycer ic  acid. (Figure 1) A s  the time of steady-state photosynthesis i n  

c1h2 decreased, the  f r a c t i o n s  of t o t a l  f ixed radiocarbon i n  t h e  e s t e r s  of 

t h e  two unident i f ied  compounds increased. 

Normally, the  s u g a s  involved ic the early s tages  of photosynthesis a r e  

f i r s t  i so la ted  a s  phosphate esters.' These are e luted end hydrolyzed emyma- 

t i c d l y -  a f te r  which chromtography gives the  pure sugars. (Figures 2 and 3 )  

I n  some cases, however, depending oc the  condit ion of each piant  and the  method 

of k i l l i n g  m d  ex t rac t ing  leaves,  the f ~ e e  sugars were found upon two- 

dimensional paper chromatography of the o r ig ina l  s e l l  ex t rac t ,  (Figure 4 ) 

Rechromatogephy of the two -m4,identified phosphorus-free eo~ppomds 

demonstrated t h e i r  s t a b i l i t y .  Their posi t ions  on the  chromatogran, a s  wel l  

as t he  pH independence of t h e i r  ciistsi3utior: coef f ic ien t s ,  showed them t o  

be neutre l ,  Since t h e i r  R, v a h e s  were much grea te r  with lutidinre -water than 
6 

with ac id i c  solvents l i k e  f o rm ic  acid-glycol dimethylether, t h e i r  polyhydroq- 

l a t e d  nature was indicated,  Moreover, aee ty la t ion  gave polyacetates wi th  

very high d i s t r i bx t i on  coef f ic ien t s  compared t o  the  o r ig ina l  compounds. 

Bromine water had no pronounced e f f ec t  on ei ther  of the  two compounds s ince  



they were l a rge ly  recovered upon rechromatography of the  react ion mixture. 

Aldoses, enolic compounds 3r unsaturated sugars would have given products 

with so lub i l i t y  charac te r i s t i cs  very d i f fe ren t  from those of the  unknowns. 

These t e s t s  l e d  t o  the  suspicion, l a t e r  confirmed, t h a t  the  two compounds 

were ketoses, The fo l l o~ i ing  evidence l e d  t o  the  iden t i ty  of the first c o w  

pound, sedoheptulose. 
;C 

Under the  conditions of Meuberg and Straus s some 2,4-dinitrophenyl- 

hydrazone was formed from the  radioact ive  compound, but the react ion was 

ineomplsF,e a t  room temperature or  when heated f o r  a few hours. Uithout 

added ca r r i e r ,  t he  react ion with the  reagent was detected by rechromatography 

o r  measurement of the  d i s t r i bu t i on  coef f ic ien t  of the  produots. With added 

mannose, the  radioact ive  compound formed an osazone which was d i f f i c u l t  t o  

separate  by r ec rys t s l l i z a t i on  from the  2,4-dinitromannosssone. 

Sedoheptulose i s  converted t o  a bicycl ic  anhydride when heated i n  

d i l u t e  The r ~ d i o a c t i v e  compound was converted t o  a new compound 

under the  same conditions. The first clue t o  the nature of t h i s  reaction, 

e a s i l y  recognized by the  marked change of chromatographic posit ion a f t e r  

treatment with ac idp  cane as a r e s u l t  of the  lack of appearance of much of 

the  r a d i o a c t i ~ i t y  i n  GO2, formic acid  o r  foAMdehyde upon periodate oxida- 

t i o n  of the  ac id  t rea ted  product. Analogy with the  chromatographic coordinates 

*1 
of f ruc tose  and i t s  anhydrides and the  absence of any known sugars i n  the  

a rea  occupied by the  acid-treated product. on the chromatogram, was added 

evidence f o r  a cyc l ic  anhydride. LaForge and ~ u d s o n ~  reported au equilibrium 

constant  of 4.0 f o r  the  dehydration of sedoheptulose, The same constant was 

* We a re  indebted t o  Professor Lo S a t t l e r  f o r  samples of several  
f ructose  anhydrides. 



observed f o r  the  unknown radioact ive  sugar by counting the  chromatographically 

separated products from the  equqlibrium mixture. Revers ibi l i ty  of the dehydra- 

t i o n  was demonstrated by chromtographing the  equilibrium mixture of sugar 

and anhydride obtained by heating the  pure radioact ive  anhydride i n  acid 

solution. 

Ca ta ly t ic  hydrogenation of the  sugar i n  t r a c e r  quan t i t i e s  presented 

the  problem a r i s i ng  from the  i r r eve r s ib l e  adsorption on t he  cata lys ts .  

Raney n icke l  adsorbed almost a l l  of the  product. Adsorption was negligible 

with small amounts of p l a t i n i c  oxide and added f ructose  or  glucose f o r  

c a r r i e r ,  Chromatography of the  r e su l t i ng  polyol gave a s ing le  radioact ive  

spot . 
The carbon skeletons and stereochemical s t ruc ture  of t he  previously 

recognized hexoses and three-carbon intermediates of photosynthesis d id  

not  suggest t h e  nature  of the unknown compound. The first evidence of the 

carbon s t ructure ,  a s ide  from chromatographic coordinates which a re  valuable 

aids t o  i d e n t i f i ~ a t i o n , ~  came from the  r e s u l t s  of periodate oxidation of 

the uniformly labeled compound. After  f i v e  minutes of photosynthesis, 

hexoses and Cg compounds have been shown t o  have uniform c14 dis t r ibut ion.  6,798 

Periodic ac id  oxidation of f ructose  gives  one mole of g lycol ic  acid, three  

9 
moles of formic acid  a d  one mole of formaldehyde. The unknown compound, 

i so la ted  from the  products of f i v e  minutes photosynthesis i n  by a soy 

bean l e a f ,  gave 14.8 per cent  of t he  o r ig ina l  rad ioac t iv i ty  i n  formaldehyde, 

55 per cent  i n  formic acid and 28 per cent  in a non-volatile residue which 

was iden t i f i ed  chromatographicdly as g lyco l ic  acid. The unknown anhydride 

prepared from the  same sugar gave 14 per cent  of i ts  a c t i v i t y  as formic acid 

but none as formaldehyde. The remaining r zd ioac t i v i t y  w a s  non-volatile. 



Periodate degradation of the chromatographically purified polyol derived 

from the unknown sugar by hydrogenation gave radioactivity in formic acid and 

formaldehyde in the molar ratio of 3:l. While the deviation from the theoretical 

3,5 for a heptftol was possibly due to experimental error, the great' difference 

frclm the hexltol ratio, 2,0, was the first clear evidence that the unknown 

eontabed more than six carbon atomso 

The find identification of the radioactive sugar and its anhydride was 

eonifimed by two-dimensional co-chromatography with authentic specimens of 

sedoheptdose and sedoheptulosan respectivelyo Precise concurrence of the 

rtxiioactivity and the added sugars was observed by comparison of the radio- 

grams with the colored areas produced by reaction with sprayed resorcinolo 

(Figure 5 )  

The second radioactive compound, ribulose, was identified by the follow- 

ing evidence, 

The radioactive sugar was reduced in good yields to a compound with 

Rp values @htcaeteristic of the pentitalso The proximity of ribitol and 
P 

aabftsl is_ chromtograms precluded distinction by Rf measurements alone, 

The reduced radioactive wrnpou3ld co-ehromatographed exactly with added 

ribitol but ~ o t  with arabitol., 

A prominent poperzy of the sugar dfphosphate when present in tracer 

quantities V E S  the instability kwapd oxidationp particularly in allcdline 

solution, %hen radicactive ribdose diphosphate dissolved in dilute aqueous 

diethylamine solutions was exposed to the air for four days, the products 

had the eks~mato~aphie coordinates characteristic of phosphoglyceric and 

phosphoglycolic acids, These phosphates were eluted, treated with phospha- 

tase resbromatographed to give glycerfc and glycolic acids and an acid 



suspected t o  be erythronic acid. These a re  products t o  be expected from oxida- 

t ion  of a ketopentose, either between carbon atoms 2 and 3 or between carbon 

atoms 1 and 2. 

Further evidence f o r  the stereostructure of the radioactive sugar was 

obtained by suecessfuP eo-chromatography of i t s  epimers, prepared i n  pyridine, 

with those obtained by similar treatment of ribose and arabinose. For f i n a l  

ident i f icat ion the radioactive sugar was co-chromatographed with an authentic 

specimen of ribulose and precise concurrence of the radioact ivi ty  with the 

added sugar observed, 

After the phosphate-free compounds had been ident i f ied as sugars, the 

chromatographio position of the heptose phosphate among the known hexose 

monophosphates indicated tha t  it too was a monophosphate, while the posi- 

t ion  of the major pibuPose phosphate near the origin suggested tha t  it was 

probably a diphosphate. (Figure 1) These surmises were further confirmed 

by determining the PIC r a t i o s  i n  chromatographically isolrtted compounds 

ll+ **% 
saturated with P~~ and C 

Emerimentd P a t  

Souroes of Ribulose and Sedoheptuloseo - Both these sugars were observed 

i n  radiograms o f b u l e y  extracts  such as tha t  shown i n  Figure 4. These were 

eluted f o r  chemical tes t s .  Because of the p~oxixrdty of alanine t o  ribulose 

and of serine and glucose t o  sedoheptulose i n  chromatograms, it was di f f i -  

c u l t  t o  obtain pure samples without re-&..romatography. For such specific 

separation, the solvent i s  run off the paper u n t i l  the product approaches the 

edge of the sheet of Whatman Nco 1 paper and has traveled about 50 cm. The 



position of the compound on the paper i s  known from i t s  relationship t o  dyes 

(tropeolin, eroceine sharlack and poneeau-4-~) placed just  beneath the samples 

a t  the origin,  Chromatographic coordinates of tropeolin (orange II), Rf with 

phenol, 0,75, Rf with butanol-propionic acid, 0,68, are  particularly reproducible, 

M g e r  amounts of these sugars were obtained upon hydrolysis of phos- 

phate es te rs  by appropriate phosphatase preparationso The eluate from a cut- 

out wedge of the chromatogram (ca, 100-200 p l o )  was concentrated by evapora- 

t ion  i n  a stream of nitrogen gas t o  about 5 0 p l o  and 100-300 y of Polidase 

in 1 0 p 1 ,  0% water were added, After incubation under toluene for  one t o  

three days a t  35O CO, the products were chromatographed and the radioactive 

sugam observed i n  radiograms such as those i n  Figures 2 and 3, i n  which 

are  shown hydrolysates of the compounds eluted from the hexose monophosphate 

area i n  chromatograms of a l l  soluble products from four-minutes steady- 

s t a t e  photosynthesis by the alga Scenedesmus, Labeled sedoheptulose w a s  

obtained most conveniently by hydrolysis of the phosphates formed during 

photosynthesis by soy bean leaves i n  which the re la t ive  amount of sedoheptu- 

lose phosphates i s  higher than i n  other plants investigated, After being 

heated with acid, the e h a t e  containing the sedsheptdose was rechromato- 

graphed and the sugar was found t o  be converted i n  about 80% yield t o  

sedoheptulosan with Rf phenol Q069 and Bf butmol-propionic acid of 0.35. 

Rfbulbose w a s  obtained i n  a similar manner by hydrdysfs  of ribulose diphos- 

phate whfeh i s  produced i n  the highest eoncent~at ions by very young cul tures  

of S zenede smus 

Sugar phosphates E o m d  by a variety of organisms and under several 

eon2itfone were hydrolyzed enzymatically and rechromatographed, The radio- 

aetfvi?y in each of the resul t ing f r ee  sugars was counted and the re la t ive  



amounts of radioact ivi ty  ape given i n  Table 1 where the quantity of radio- 

carbon found i n  each sugar i s  expressed as a percentage of t o t a l  radiocarbon 

found i n  the four sugars. 

Anhydride Formation of Sedoheptulose. - A sample of radioactive sedoheptu- 

lose obtained by elut ion from a chromatogram of the hydrolysis products of 

phosphate es te rs  formed by photosynthesis in soy bean leaves products was 

heated t h i r t y  minutes i n  - N hydrochloric acid on a steam bath. The solution 

was evaporated i n  a stream of a i r  a t  40' C O  and the products were rechromato- 

graphed. The separated products were eluted and counted on 3 cm. discs. The 

unchanged sugar gave a t o t a l  of 7,490 cpmo and the anhydride gave 30,300 cpm.; 

therefore, the equilibrium cons.tant was 4,0 f o r  the conversion of sugar t o  

anhydride . 
14 

Hydrogenation of Tracer Amounts of Sugars, - C -labeled fructose was 

***% 
eluted from chromatograms of photosynthesis products and hydrogenated 

i n  a 2 ml. s t a in l e s s  s t e e l  bomb with 2 mgo of Rwey nickel catalyst  a t  100' 

and 150' and 135 atmospheres during ten hours of shaking, When the catalyst  

was separated by centrifugation, l e s s  than ten percent of the radioactivity 

remained i n  solution, Exhaustive washing of the ca ta lys t  fa i led  t o  remove 

an appreciable quantity of the product. The small amount of product was 

ident i f ied by co-chromatography with meLnnitolo 

When the same amount of fruotose-cut was hydrogenated a t  90' for  twenty 

hours using 10 mg, of Adam ca ta lys t  i n  1 0 5  mlo of 50 per cent ethanol, the 

ca ta lys t  adsorbed only 10 per cent of the product, Negligible adsorbtion 

(*"H ) The amounts of labeled sugars used i n  these experiments were of 
the order of 1-5 pg, 



was observed when labeled ribulose and sedoheptulose were reduced using 1-2 mg. 

Adams ca ta lys t  and 100pg. of glucose f o r  carr ier .  

The reduction product of ribulose had Rf values corresponding t o  those 

of r i b i t o l  (phenol, 0.54; butanol-propionic, '3.7 - ) and was located nearer 

the or igin than d a n i n e  while the coordinates crF ribulose exceeded those fo r  

alanine by 10 per cent i n  both solvents. 

Sedoheptitol had chromatographic coordinates closely approximating 

those of glucose ( R ~  phenol 0.36; Rf butanol-propionic acid 0.15) while the 

coordinates of the original heptulose were R phenol 0 4 2  and Rf butanol- 
f 

propionie acid 0.16. 

An authentic specimen of sedoheptitol w a s  prepared from 200gg. of 

natural  sedohegtulose *+w** by similar hydrogenation. The radioactive , 

hepti tol  was chromatographed together with 100 pg. of the synthetic product. 

Exact coincidence of the radioactivity and the authentic hept i to l  was 

observed when the radiogram was compared with the black s i lver  deposit 

produced by spraying the chromatogram with Tollen's reagent, This reagent 

was prepared by adding concentrated ammonium hydroxide t o  saturated aqueous 

s i lve r  n i t r a t e  i n  the usual manner and then d i lu t ing  with methanol t o  a 

i-k 
f i n a l  concentration of 0.3 M - &(l?H3 )2 . The black spots fo r  sugars or  

glycols are  developed by heating the sprayed chromatogram. It is sometimes 

desirable t o  remove phenol anc, qubone by b r i e f ly  autoclaving the paper 

before spraying it with the reagent. Brown s i lve r  qxide background is  

removed by washing the paper with water and a solution of Kodak Liquid 

("****I Kindly supplied by D r  , E, W. Putmano 



Co-orystelliaation of the  2,4-dinitrophe~lhydrazones of t he  ~ a b e l e k  

Ribdose  and APabinoss, - A solut ion of U o 7  mg, D-arabinose and -7,300 cpm. 

of ohPomatographieally i so la ted  labeled r ibulose  was heated 24 hours a t  

100' with 58 mg, of 2,&-dinitropheqlhydpwfne i n  2 M - hydrochloric acid  

according t o  the  method of Neuberg and s t r aus sO2  The product was washed 

with w a t e ~ ,  dr ied and recqystaPliaed from ethanol and methyl cellosolve t o  

a constant  spec i f i c  rad ioac t iv i ty  s f  154 ~ p o / ~ o ,  4 per cent above the  

theore t ica l  value. 

Periodate Oxidation of Radioactive Sedoheptulose, - To a solut ion of  

radioact ive  sedoheptulose which gave 28,680 spm, were added 102,5 mg, of 

barium formate, formaldehyde equivalent t o  mg. of formaldimedon, 101.5 mg. 

of barium ewbonate, 0,7 do of 4 N hydrochloric acid  and 0.2 m10 of 0.205 N - - 
per iodic  ac id  i n  a closed f l ask ,  After 3 days enough sodium hydroxide w a s  

added t o  neu t ra l i ze  t h e  reac t ion  mixture, The formaldehyde was d i s t i l l e d  

i n  vacuo i n t o  excess dimedon solut ion which upon ac id i f i ca t ion  gave formal- -- 
dimedon with a specific activity of h00,6 cpm,/mg, a f t e r  several  recrysta l -  

l i z a t i o n s  from aqueous ethanol, Thus, 4,130 epm, or  14.4 per cent of the  

rad ioac t iv i ty  was present i n  -CH20H groups. The contents of the  original. 

f l a s k  were ac id i f i ed  and the v o l a t i l e  contents were d i s t i l l e d  -- i n  vacuo into 

carbonate-free sodium hydroxide solution,  Barium chloride was added and 78 mg. 

of an expected 115 t o  UQ mg, of bari-m carbonate were obtained, Its spec i f i c  

a c t i v i t y  was 5,L cpm, b g .  which ind ica tes  about 2 per cent of the  o r ig ina l  

a c t i v i t y  w a s  c a n ~ e r t e d  t.o carbon dioxidee After the  barium carbonate centr i -  

fugation, the  so lu t ion  was ac id i f i ed  and steam d i s t i l l e d ,  Barium formate 

obtained upon neu t ra l i za t ion  and concentration of the  steam d i s t i l l a t e  had 

a spec i f i c  act ivi ty of 153 cpm./mgo a f t e r  two r ec rys t a l l i z a t i ons  from water- 



alcohol, indicat ing t h a t  15,650 cpm. or 55 per cent of the s t a r t i ng  a c t i v i t y  

was present o r ig ina l ly  i n  -CHOH groups. 

Periodate Oxidation of Sedoheptulosan. - A solut ion of 20,000 cpm. of 

radioact ive  sedoheptulosan was oxidized as above with 49.8 rng. barium formate 

and formaldehyde equivalent t o  4.l mg. of formaldimedon. The observed spec i f i c  

a c t i v i t y  of the  formaldimedon was zero, That of the  rec rys ta l l i zed  barium 

f ormate was 59 cpm./mg. indicat ing 2,9L+O cpm. pr  14.7 per cent  of the o r ig ina l  

r ad ioac t i v i t y  was present i n  -CHOH groups. The residue i n  t he  f l a sk  gave 

17,600 cpm, or  88 per cent  of the  o r ig ina l  radioact iv i ty .  

Periodate Oxidation of Sedoheptitol. - A chromatographically pur i f ied 

sample of 12,800 cpm. of sedohepti tol  was oxidized as above with 100 mg. 

b ~ ~ i u m  formate and formaldehyde equivalent t o  LJ mg. of formaldimedon. 

The spec i f i c  a c t i v i t y  of the  barium formate was found t o  be 100 cpm./mg. 

so t h a t  lO ,OOO cpm, was contained i n  -CHOH groups. The fomnaldimedon gave 

80,5 cpm./mg, or  3,300 i n  CH20H groups. Since t he  sum of radioact ivi ty  i n  

these  products was only 91-96 per cent  of the  s t a r t i n g  radioact ivi ty ,  the 

oxidation may have been incomplete. The r a t i o  of t he  two rad ioac t iv i t i es ,  

3,0, i s  perhaps most r e l i ab l e .  

Epimerization of Ribulose. - Authentic r ibu lose  and xylulose were 

prepwed by heating arabinose, r ibose  and xylose fo r  fom hours i n  pyridine 

according t o  the  method of Schmidt and Treiber, 10  

Samples of pyridine solut ions  containing one mg. of sugars were chro- 

matographed two-dimensiondLly, The y i e ld  of ketose was small  as demonstrated 

Qy sprayf ng with methanolic Tollens reagent. The Roe reagent (resorcinol- 

hydrochloric acid  i n  e than01 ) detected only the  ketoses, giving gray-green 

spo ts  . The solut ion containing r i b u l i e  was co-chromatographed with the 

radioact ive  r ibulose  and gave exact coincidence. Xylulose was found t o  have 



an ident ica l  position with a minor radioactive compound separable from but 

close t o  ribulose. This radioactive compound was r e s i s t an t  t o  bromine water. 

I ts  accwnulation among the products of photosynthesis i s  much slower than 

tha t  of ribulose, 

Radioactive ribulose was epimerized by heating in+pyridine with a 

smal l  amount of arabinose, The products were chromatographed with 5 0 ~ .  

each of garabinose  and &riboseo The resul tant  radiogram had three major 

radioactive areas. One was the or iginal  ribulose, the others coincided 

exactly with the posit ions of the added pentoses which were observed by 

spraying the chromatog~am with aniline-trichloroacetic acid reagent. 

Discussion 

Sedoheptulose accumulates during photosynthesis i n  many of the succu- 

116129U3 
*t.#** 

l e n t  plantso With the chemical ident i f icat ion of sedohep 

tulose monophosphate i n  a wide variety of plants and of f r ee  sedoheptulose 

i n  some saxifrapaceae14 and PrimulaceaelSI it now becomes apparent tha t  

accumulation of the sugar io succulents may represent special  cases of 

the inter-relationships obtained i n  all photosynthetic organisms. 

Synthetic ribulose (adonose) i s  well  known but i t s  general natural 

occurrence i n  plant t i s sues  has not been previously recognized. Ribi tol  

(adani tol)  was f i r s t  i so la ted  from Adonis v e r n a l i ~ . ' ~ 9 ~ ~  The general 

occurrenee of D-ribose and D-arabinose, which was predicted by Fischer - - 
a f t e r  h i s  study of ribitol!' suggests the probable naturai occurrence of 

t h e i r  epimer, - D-ribdose,  Since the yield of ribulose from epimerization 

of r ibose or arabinose i s  qui te  low,l0 the equilibrium among the three 

epimers may strongly 

concentration of the 

favor accumulation of the two ddoses  while a low 

ketose might be anticipated i n  biological systems. 

W, and Moran, R., unpublishedo 



Cohen and scottl' obtained from bacteria a pentose phosphate related t o  

ribose and arabinose, and Horecker and ~ q y r n i o t i s ~ '  obtained a ketopentose 

phosphate f rac t ion  which they f e l t  was ribulose-5-phosphateo However, r ibulose 

phosphates have not previously been obtained from photosynthetic organisms, 

The close relat ionship between the s t ructure of sedoheptulose and t h a t  

of @ ~ i b u l o s e  strongly suggests a synthetic relationship. The configuration 

of 6-3 and C-4 of r i b d o s e  i: ident ica l  with tha t  of C-5 and C-6 of sedoheptulose, 

The recent results of Rappoport, Barlier and ~ a s s i d ~ l  and Lampen, Gest and 
, 

~ o v d e r ? ~  reqquire the ultimate cleavage of an aldose by an acyloin-type reaction. 

These authors pointed out tha t  such cleavage most l i k e l y  involves a 2-ketose 

intermediate. Similar cleavage of sedoheptulose would give glycolaldehyde 

(diose) and &ribose which could isomerize t o  Q-ribulose, Subsequent cletivage 

of the pentose would give dfose and a t ~ i o s e ,  It appears reasonable from the 

compounds available i n  plants and the apparently universal aldolase ac t iv i ty  

i n  l e e ~ e s ~ ~  t ha t  hiose and dihydroqy acetone could condense t o  form xyl.luloss 

as discussed by Hough and Joneso 24 

Ncne of these sugars i s  stereoche~~fically related t o  glucose by a simple 

sequence of" reactions., One of the f a c t i o n s  of these compounds may be t o  

s e n e  as soWces of two carbon molecules capable of accepting carbon dioxide 

t o  form phosphoglycerate daring photosynthesis. The concurrent syntheses of 

fructose and sedoheptuLose may represent s teps i n  carbohydrate synthesis and 

ia regeneration of the required carbon dioxide acceptors respectively. 

The fac t  t h a t  the two predominant carboxylations of photosynthesis 6 

r e s u l t  in C3 and C compounds leads one t o  expect a condensation of the C3 4 
and C4 sugars t o  give sedohep tu lo~e~  



Aldolase, acting stereochemically in a manner analagous to that bg 

which it forms fructose, would result in sedoheptulose if erythrose were 

substituted for glyceraldehyde in the condensation. This configm'atiod. 

relationship is represented by the following pair of schematic reactions. 

aldolase I 

HO-CH dihydroxyacetone 
1 

I 
H-C=O 

I 
H-C-OH 

I 
CH20H 

HC-OH 
I 

HC-OH 
I 
CH20H 

CH20H 
I 
C=O CH20H 
I I 
CH20H C=O 

aldolase I 
dihydroxyacetone HO-CH 

I 
HC=O 

I 
HCOH 

I 
HCOH 

I 
CH20H 

HC-OH 
I 

HC-OH 
I 

HC-OH 
I 

CH20H 

D-erythrose - sedoheptulose 



It is of interest to point out that manncheptulose, the other naturally 

occurring heptulose, is configurationally related to galactose as sedohep 

tulose is to glucose. This may indicate a corresponding biosynthetic 

relationship. 25 

summary 

Sedoheptulose and ribulose phosphates have been identified in a 

varied group of photosynthetic organisms. These phosphates are among the 

earliest sugar phosphates formed during photosynthesis. 

The biosynthetic relationships of sedoheptulose and ribulose are dis- 

cussed. It is proposed that they are not directlyinvolved in hexose 

synthesis but maJr serve as sources of C2-carbon dioxide acceptors required 

during photosynthesis. 
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Table I 

Relative Amounts of Phosphorylated Sugars 

Organism 

Rhodospirilhu rubrum 

Seenedesmus D3 (1 day old 

Scencde~mus D3 (2 day old) 

ChlorePka ~grenoidosa 

Barley seedling leaves 
(-rapo Sacramento ) 

Sugar beet Leaf (mature) 

Alfalfa leaf 

Soy bean leaf 

Vicia Faba leaf -- 
Kalsnchoe blossfeldiana 

Craasula arborescens 

Time of 
Photosynthesis Glucose 

20 min. 

5 min. 

2 min. 

60 see. 

60 see. 

5 mine 

2 mino 

5 mine 

4 mino 

2 min. 

2 min. 

Sedc- 
Fructose heptulose Ribulose 

2% 15% 15% 

10 16 34 

16.6 29 1.9 

14 4.0 6 
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Captions to Figuses 

Fig. 1 - el4-labeled phosphate esters formed during 60 seconds photosynthesis 

by Scenedesmus. The chromatogram was developed until the faster 

moving phosphates approached the edge of the paper to effect 

better separation of these esters. 

Figo 2 - Hydrolyzed phosphates from 5 second and 5 minutes photosynthesis k y  

soy bean leaves 

Figo 3 - Hydrolyzed phosphates from 4 minute photosynthesis by Scenedesu 

(monophosphate area) , - 

Fig. 4 - CIA-labeled products of 60 second photosynthesis by barley leaves 

showing the results of phosphatase action during extraction, 

Fig, 5 - Left - Sprayed paper containing fifty micrograms each of sedoheptu- 
lose and sedoheptulosan. Right - Radiogram of the same paper showing 
positions of US and UH, the designations given the radioactive 

sedoheptulose and sedoheptulosan respectively before their identi- 

fication, 
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